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Introduction
Secondhand smoke (SHS) exposure increases heart disease risk including progressive atherosclerosis, decreased heart rate variability, increased arterial stiffness and increased risk for coronary disease events. Left ventricular hypertrophy has been observed in rabbits exposed to SHS, leading to ventric-
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International Publisher ular remodeling and increased risk for cardiovascular events and mortality [1] [2] [3] . SHS is harmful and causes human diseases, especially in children and elderly individuals. Secondhand smoke (SHS) exposure increases the risk for coronary heart disease, especially in elderly individuals, and is associated with increased risk for atherosclerotic heart disease [4] . Old age is a strong independent predictor of death and morbidity in patients with structural heart disease. Therefore, old age is a major risk factor with poor cardiovascular outcome and reduced endogenous cardioprotection [5] . Both the incidence and the severity of atherosclerosis and cardiovascular disease increases with age. The changes to the heart throughout human lifetime are the result of maturational changes beyond sexual maturity, causing myocytes hypertrophy and capillary endothelial cell hyperplasia and interstitial fibroblasts [6] . Age-related cardiac disease is associated with numerous molecular and biochemical changes in the heart. These changes affect protein function and cardiac morphology, resulting in alterations in cell death and cell survival signaling. These biochemical changes also affect mitochondrial membrane anti-apoptosis and apoptosis protein expression levels [7, 8] . Human cardiac aging generates a complex phenotype. Experimental evidence in animal models has indicated attenuation in cardioprotective pathways with aging, yet information regarding myocardial dysfunction in old age smoking is limited. No similar data are available regarding age-related changes in the human smoking heart. Some papers have reported SHS exposure is always associated with cardiovascular disease, especially in old age [9] . Age-related changes in old-age are associated with cardiac diseases including myocardial infarction, aortic regurgitation and alterations to cardiac valves and coronary arteries. SHS exposure involves the combination of the smoke emitted by the burning end of a tobacco cigarette and the smoke exhaled by the smoker into the environment [10] [11] [12] . SHS exposure is indicated by elevated serum cotinine and nicotine. Left ventricular pathological hypertrophy due to SHS exposure observed in old age leads to left ventricular remodeling and loss of function [13] . Left ventricular hypertrophy (LVH) is an initial adaptive response. There are many compensatory mechanisms that respond to increased cardiac work-load, sustained left ventricular stimulation being one of them [14] . During LVH development unbalanced progressive remodeling occurs at the cellular level, involving cardiomyocyte survival and cell death or cell loss due to mitochondrial damage [15] . This study further describes the molecular mechanisms involved in SHS exposure in the elderly to identify the pathological underpinnings of cardiac disease and disorders.
Apoptosis, or programmed cell death, is a recognized mechanism for the elimination of redundant cells in the pathogenesis of human cardiac disorders in the elderly [16] . Cardiac IGF-I triggers intracellular signaling cascades that are involved in modulating and facilitating growth and survival and promotes apoptosis [17] . The death-receptor-induced apoptotic pathway is initiated by death-agonists and involves the Fas ligand, (Fas-L/Fas-FADD-caspase 8-Bid/t-Bid) reportedly involved in the pathogenesis of LHV. The mitochondria plays an important role in apoptosis by releasing cytochrome c and active caspase 9. However, caspase 3 apoptosis signaling mediates both mitochondria-dependent and death-receptor-dependent apoptotic pathways [18] . In cardiomyocytes, insulin-like growth factor (IGF-I) activates PI3K (phosphatidylinositol-3-kinase)/Akt (PKB, protein kinase B) signaling through IGF-IR and is considered to play a role in preventing myocyte apoptosis [19] . The important role of IGF-I and IGF-IR in growth and development and their involvement in the prevention of cell apoptosis have been elucidated. In cardiomyocytes, PI3k activity is required for IGF-I and its receptor (IGF-IR), and PI3K-generated phospholipids regulate AKT activity by direct binding of phosphoinositides to the PH domain [20] .
The present investigation determines whether SHS exposure and aging causes synergistic effects in cardiac cell death pathway activation, including mitochondria-dependent and death-receptor-dependent Fas-signaling, as well as identifying the adaptive IGF-I survival pathway mechanism associated with inflammation circulating markers.
Materials and Methods

Animals
Male Sprague-Dawley rats were purchased from the National Science Council Animal Center, Taipei, Taiwan, young (6 weeks) and old (18 months old). Six animals were housed in individual cages in an environmentally controlled animal room with temperature and humidity controlled chambers (12-h light/12-h dark cycle). Tap water was freely provided with a standard chow diet. All experimental animals were handled in accordance with the Taiwan Society for Laboratory Animals Sciences guide for animal care.
Experimental groups and secondhand smoke (SHS) exposure
After arrival and a brief acclimation period, young and old rats were randomly divided into the following subgroups: control animals not exposed to cigarette smoke, and secondhand smoke (SHS)-animals exposed to 30 min of cigarette SHS twice a day for 4 weeks. Rats were placed in an exposure chamber and exposed to 10 cigarettes.
Histological analysis by Masson's trichrome staining.
Left ventricle cross sections were cut at a thickness of 10 µm and placed on slides. Cross sections were stained with Masson's trichrome staining for left ventricle cross-sectional collagen area and extracellular space assessment. Deparaffin embedded slides were soaked in xylene for 10 minutes and then hydrated in 80%, 70%, 65% ethanol for 5 minutes each. Samples were stained with Masson's trichrome to detect left ventricular cross section collagen accumulation. Stained sections were then rinsed with PBS and air dried before mounting. After gently rinsing with water, the slides were rehydrated through a graded alcohol series for 15 min, and then cleaned in xylene.
Western blot and ELISA analysis
Proteins were separated using 10.5~12.5% SDS polyacrylamide gel electrophoresis at 100 V for 1 hr. Electrophoresis proteins were transferred to PVDF membranes using Bio-Rad Mini Trans-Blot Electrophoretic Transfer Cell Instruments at 150 mA for 2 hr. Membranes were blocked in 1~5% non-fat milk in washing buffer (10 mM Tris pH 7.5, 100 mM NaCl, 0.1%Tween-20) for 1 h at room temperature. After washing, cells were probed with Fas-L, Fas, FADD, caspase 8, Bcl 2, Bad, t-Bid, Bid, Cytochrome c, Caspase 9, Caspase 3, IGF-I, IGF-II, p-PI3K, PI3K, p-Akt, Akt, JAK1/2, STAT3, pP38α, P38α, p-JNK1/2, JNK1/2. antibodies (Santa Cruz Lab) for 2 h. After washing, membranes were incubated with enzyme conjugated anti-rabbit or anti-goat, or anti-mouse IgG horseradish peroxidase for 1 h at room temperature in washing buffer. The membranes were then washed in blotting buffer for 10 min three times. Color development was performed using ECL chemiluminescence. Cyclin A, Cyclin B, Cyclin D1 and Cyclin E (both Santa Cruz Lab System) protein concentration in left ventricle tissue supernatants were measured using ELISA according to the manufacturer's protocol.
Terminal Nucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) and DAPI stained.
Left ventricular sections from young and old rats were dewaxed by incubating in xylene. Sections were then rehydrated by placing in 95%, 70%, 50%, 30% ethanol for 10 minutes each and preincubated with proteinase k (20ug/ml in 10Mm Tris-HCl pH 7.6) at room temperature. Left ventricular sections were rinsed in TUNEL mixture, at 37 ℃, for one hour in a humidified chamber. After rinsing, sections were stained DAPI. Slides were then mounted with a propidium iodide solution and analyzed under fluorescent microscope.
Statistical analysis
Data were collected and analyzed using SigmaStat software. All data are expressed as the mean±standard error of the mean (SEM). Comparison between groups was conducted using two-way analysis of variance (ANOVA) and following post-hoc using Student-Newman-Keuls analysis. p values less than 0.05 and 0.01 were considered statistically significant and highly statistically significant. 
Results
Left ventricular remodeling in Old SHS exposure rats.
Secondhand smoke (SHS) exposure is associated with various cardiovascular disease (CVD) risk factors. We examined changes in histological and morphological cardiac or the left ventricle using Masson's trichrome to investigate whether SHS exposure resulted in cardiac remodeling. Left ventricular cross sections results showed collagen accumulation and ECM degradation in young SHS exposure, old control, old SHS exposure rat hearts ( Figure 1A ). Compared with the young control, with aging, both age-related morphological and pathophysiologic cardiovascular changes were predisposed to left ventricular hypertrophy (LVH) or heart failure (HF) ( Figure  S1 ). Substantial collagen tissue enlargement existed as a result in young SHS exposure, old and old SHS exposure rat hearts. Left ventricular interstitial muscle fibers were broad and disordered as well ( Figure 1A ). Left ventricular cross sections from old SHS exposure exhibited more ECM remodeling. Echocardiographic assessment demonstrated left ventricle cardiac remodeling more prevalent than in other parts of the whole heart (Figure S1B and S1C). Collagen accumulation was observed in the blue area. The morphometric samples are shown at x400 magnification using Masson's trichrome staining. Highly structured collagen fibers formed an intricate myocardium. Collagen fibers were easily seen in the old rat hearts. Quantitative and statistical analysis determined the percentage of extracellular space and collagen content in the tissue section area (Figures 1B and 1C) . We found that the percentage of collagen content ob-tained in young SHS exposure, old control and old SHS exposure rat hearts was significantly higher than that in the young control ( Figure 1B) . We also found the TIMPs content in the old SHS exposure rat hearts was significantly higher than that in the old control (p<0.05 vs. old control) ( Figure S2B ). In order to determine whether cardiac remodeling occurred in the hypertrophied aging rat hearts, we found changes in the extracellular space percentage significantly increased in young SHS exposure (p<0.05), old (p<0.05) and the old SHS exposure (p<0.01) rat hearts, compared with the young control ( Figure 1C) . The objective of this work was to study the MMPs content in the left ventricular hypertrophy as a cardiac function of aging ( Figure S1 and Figure S2A ). The same result was found when compared with aging. We could determine the physiological aging or pathological SHS exposure changes in the heart leading to cardiac remodeling.
Upregulation of death receptor dependent apoptosis pathway (TNFα/Fas-L-Fas/FADDcleaved caspase 8) occurs in old rats and SHS-exposed animals.
The aging heart is accompanied with left ventricular apoptosis involving left ventricular myocytes being constantly replaced by newly formed myocytes from birth to death. This aging process offers changing the balance between cell death and cell growth. Given the above evidence that both SHS exposure and aging lead to left ventricular remodeling and hypertrophy, to further explore the induced death receptor dependent apoptosis pathway mechanism in the young control, young SHS exposure, old control and old SHS exposure rats cell death receptor dependent apoptosis pathway protein expression levels were examined, including Fas, Fas-L, FADD and Caspase 8 by western blot analysis (Figure 2A ). Fas-L/Fas is a cell death signal. Fas-L from extracellular apoptosis signal was increased in rats exposed to SHS and the old control rat left ventricle, when compared with the young control. However, Fas-FADD-Caspase 8 is a intercellular apoptosis signal. These signals modulate Fas and FADD activity. Fas was increased in young SHS exposed (p<0.05), old SHS exposed (p<0.01) and old control rats (p<0.05). We found that Fas was more dramatically increased in old rats exposed to SHS than in old control rats (p<0.05). The other protein, FADD, was increased only in rats exposed to SHS, both in young and old animals. In contrast, a comparison of FADD levels in old rats compared to young control rats returned a significant finding. Interestingly, significantly higher levels of caspase 8, a downstream target of Fas/FADD, were found in old control (p<0.05) ( Figure  2B ). Similarly, cleaved-caspase 8 was increased in SHS exposure groups, including both young (p<0.05) and old controls (p<0.01). We detected the caspase 8-cutting proteins Bid and t-Bid, both of which exhibited increased levels only in old control and old SHS-exposed rats (Figure 3 ). However, we did not find alterations in Bid and t-Bid protein expression in young SHS exposure groups. Therefore, we could identify a difference between cell death or from mitochromal apoptosis signaling pathway. Mitochondria apoptosis proteins were only increased in old rats, and the increase was augmented in old SHS-exposed rats.
Mitochondrial damage and dysfunction, which can result in cell death and cell loss, play an important role in aging. Mitochondrial membrane damage due to cytochrome c release from the mitochondria is a key apoptotic event. Particular importance is placed on the role of cytochrome c release from the mitochondria and alterations in apoptotic proteins (such as Bad) and anti-apoptotic proteins (such as Bcl 2). The ratio of Bad/Bcl 2 protein expression was increased in old control rats (p<0.05) and in aging rats exposed to SHS (p<0.01) ( Figure 3A ) compared to young rats. This result indicated that cytochrome c was being released from the mitochondria during the aging process. Thus, cytochrome c protein expression was increased in old control rats (p<0.05) as well as in aging rats exposed to SHS (p<0.01). However, cytochrome c expression was increased in aging rats exposed to SHS in comparison with old control. (p<0.05) ( Figure 3B ). In addition, caspase 9 is downstream of the Bcl 2 family apoptotic cascade. Caspase 3 is involved in apoptotic signaling via the Fas-L/Fas and mitochondrial apoptotic cascade (Figures 2 and 3) . Aging increased left ventricular caspase 9 and caspase 3 protein expression. Cleaved caspase 3 and cleaved caspase 9 protein expression were dramatically higher in the left ventricle of aging rats exposed to SHS (p<0.01) compared to the young control group. However, their expression was not altered in the young SHS exposure group.
The cardiac survival pathway IGF-I/IGFIR-PI3K/p-Akt was found to be attenuated in old control and old SHS exposed rats, but not in young rats; especially in rats exposed to SHS.
IGF-I/IGF-II/PI3K/Akt signaling is one of the best-characterized determinants of longevity in model systems (Figure 4) . We observed clear increases in IGF-I and IGF-II in young rats exposed to SHS (p<0.05). Additionally, we observed a decline in the IGF-I and IGF-II in old rats, and even more decreases in old SHS-exposed rats (p<0.01). Both PI3K and AKT and their active form protein expression were also decreased in the old rat heart tissues with or without SHS (Figure 4) . On the other hand, the ratio of p-PI3K/PI3K and p-AKT/AKT appeared to decrease in old control and in old rats exposed to SHS ( Figure  4B ). Moreover, we found that the ratio of p-PI3K/PI3K and p-AKT/AKT were significantly diminished in old rats exposed to SHS compared with young and old control. These finding indicate reduced IGF-I/IGFII-PI3K/p-Akt signaling pathway expression in old rats and cardiac cell proliferation regulation. Overexpression of IGF-I/IGF-II-PI3K/Akt signaling in young SHS exposure rats not only mediated adult left ventricular hypertrophy compared with the young control, but attenuated of IGF-I/IGF-II-PI3K/Akt signaling increased mitochondrial apoptosis protein expression in old SHS exposure rats compared with the old control. These findings suggested that SHS exposure almost completely reconstituted IGF-I/IGF-II-PI3K/Akt dependent cell proliferation in old rats. Furthermore, we checked the number of apoptotic cells in young SHS exposure, old and old SHS exposure by TUNEL staining. We found a dramatic increase in the number of cell groups ( Figures 5A and B) . This fact led us to think about the possible biochemical molecular events which can regulate the cell death and survival balance. An observation that the magnitude of left ventricular tissue injury was further supported by SHS exposure affecting the survival and cell death signaling pathway balance. To determine whether reduced IGF-I/IGF-II-PI3K/Akt decreased cell proliferation from SHS exposure effects, and also by aging, we detected cell cycle checkpoint protein expression using western blotting. As Figure 6 shows cyclin A, B, D, E protein expression levels were decreased in all treatment groups leading to cell cycle arrest, in contast, cyclin-dependent kinase inhibitor, p21, and its upstream regulator, p53, were by inhibited. We therefore suggest that cell survival and proliferation function is reduced in young SHS exposure, old control and old rats exposed to SHS ( Figure 6 ).
SHS exposure exacerbated circulation in aging inflammatory and age-related diseases.
Although systemic insulin resistance and reduced insulin/IGF-I signaling in the heart could alleviate age-associated alterations, we need mounting evidence to determine if SHS exposure induced inflammatory responses that exacerbate cardiac aging and aged-related left ventricular hypertrophy. To examine potential inflammation circulating markers we examined IL-6, TNFα, p38α and Jnk antibodies expression levels using immunochemistry analysis and JAK1/2, STAT3, P38α, pP38α, JNK1/2 and pJNK1/2 using western blotting (Figure 7 ). These molecules were markedly increased in young SHS exposure, old control and old SHS exposure rats, as disclosed at Western blotting levels. In old rats exposed to SHS, we found positive antibodies expression of JAK1/2, STAT3, P38α, pP38α, JNK1/2 and pJNK1/2. We could suggest SHS exposure exacerbated aging inflammatory and age-related left ventricular hypertrophy. 
Discussion
Secondhand smoke exposure (SHS) has been linked to a number of harmful health outcomes and is an important cause of morbidity and mortality. There is evidence indicating that SHS exposure presents a challenging health hazard [21] . It is also well understood that toxic air contamination can cause lung cancer and cardiovascular diseases. This study investigated the SHS exposure effects associated with aging, specifically in the left ventricles of male rats. As is well known, old age in humans always accompanies increased incidence of atherosclerotic vascular and cardiovascular disease [22] . However, aging is a physiological process caused by increasing injuries and biological vulnerability that reduces the organisms' ability to survive. Aging affects various aspects of vascular morphology and function and has recently been considered a major risk factor for cardiovascular disease presenting various effects on left vascular morphology and function. Age affects cardiovascular function in the same manner as secondhand smoke exposure. Age-related changes in left ventricular morphology [23] and function include decreased myocyte number, increased myocyte size, increased left ventricular wall thickness, decreased conduction fiber density and increased myocardial stiffness in left ventricular function [24] . Aging also shows relative adaptive responses to eliminate damaged and exhausted cells from birth to senescence [25] . As we know, SHS increases arterial stiffness and coronary cardiac disease events. We found that the changes associated with aging lead to pathological cardiovascular outcomes and the same cardiac adaptations that result from exposure to SHS (Figure 1 and Figure  S1 ). We found similar changes in cardiac morphology in aging rats and rats that underwent SHS exposure. We observed left ventricular fibrosis and increased left ventricular wall thickness ( Figure S1 and Figure  S2 ). Left ventricular hypertrophy was found in both aging and SHS exposed rats. At this time point the heart changes associated with age may mimic heart disease, such as cardiac hypertrophy and heart failure. Aging leads to parallel stiffening of the aorta and heart, which causes an increase in systolic stiffness, contractility and diastolic stiffness [26] . Four weeks of SHS exposure to fine particulate matter led to an increase in polymorphonuclear leukocyte cells. In the aging heart left ventricular myocytes are constantly replaced by newly formed myocytes from birth to death. This aging process offers an extraordinary example of the effects that the dynamic balance between cell death and cell growth has on the physiological and pathological restructuring of the heart [27] [28] [29] [30] . In the normal heart the rate of cell death increases with age and is not balanced by new myocyte formation. The viable myocytes become hypertrophic to preserve myocardial mass in an aging heart. Thus, myocyte death, hypertrophy, and lack of new myocyte formation characterize the aging heart. Apoptosis is involved in mitochondrial-dependent and non-mitochondrialdependent pathways. Two apoptosis pathways are consistently observed in both the aging and SHS exposed rat heart. Apoptosis has been reported to contribute to cardiomyocyte loss that may be involved in cell proliferation control [31, 32] . SHS and aging produce a synergistic activated increase in the Bad/Bcl2 ratio, elevating mitochondrial membrane pore permeability and increased cytochrome c release subsequent to caspase-9 and caspase-3 activation to promote cell death in the heart (Figure 3) . Cytokine/Fas receptor-driven pathways for cardiomyocyte apoptosis should also be taken into consideration [33] . In contrast, we found that while aging myocytes are more prone to activating the cell death signaling pathway, younger cells possess hypertrophic ability and are less susceptible to cell death. TNFα/Fas-L and Fas/FADD signaling pathways were consistently increased in the hearts of aging rats and SHS-exposed rats and even more highly activated in the hearts of aging rats exposed to SHS (Figures 2 and 3) . Similarly, cleaved-caspase 8 was activated in aging and SHS exposed rat hearts. Activated caspase 8 cleaves Bid to form t-Bid led t-Bid to bind to mitochondrial membranes were found exhibiting increased expression in old rats exposed to SHS. Quantitative analysis of the protein densitometry expression levels of JAK1/2, STAT3, pP38α, P38α, pJNK1/2, and JNK1/2 protein expression levels. Statistical analysis of the ratio of pP38α to P38α and pJNK1/2 to JNK1/2. Data was quantified in densitometry and be expressed as means ± SEM (N=6).
* p<0.05, ** p<0.01 significant statistic difference compared to young control.
﹟ p<0.05, significant statistic difference compared with old control.
Apoptosis is due to a death-survival imbalance. The PI3K/AKT pathway delivers a survival signal [34] , mediated by growth factors such as IGF-I and IGF-II. IGF-I exhibited a potent anti-apoptotic property through the anti-apoptotic member of the Bcl2 family and PI3K-transduced survival signals and their downstream signaling cascade after AKT activation and Bad inactivation [35] . This process occurred only in young SHS-exposed rats and not in aging or aging-plus-SHS-exposure rats (Figure 4) . Similar results were observed in our apoptosis positive cells ( Figure  5 ), which revealed an anti-hypertrophic effect in rat hearts. The cell cycle is more easily arrested in older and SHS exposed animals ( Figure 6 ). Overall, we believe SHS and aging both enhance left ventricular hypertrophy (Figure 7) . These results indicate that SHS exposure and aging induce mitochondria-dependent and -independent apoptosis signaling pathways upregulation and down regulation of survival signaling pathways.
Conclusions
Taken together these data demonstrate that once aging rats are exposed to SHS the extracellular space in the aging heart is now recognized as an essential element of the myocardial structure and function, and a dynamic participant in remodeling. Aging reduces IGF-I compensated signaling and accelerates the cardiac apoptotic effects induced by second-hand smoke. Aging and SHS should both be considered risk factors for cardiac dysfunction.
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